Pressure ulcers result in financial losses, including the cost of unnecessary medical expenses because of extended hospital stays, treatment, and examination. This was a retrospective, observational, methodological study to develop quality indicators related to pressure ulcer development and validate risk adjustment factors for pressure ulcer development. We performed a literature review to develop risk adjustment factors, and an expert group performed a content validity test. To validate risk adjustment factors for pressure ulcer development using electronic medical records, 127 patients admitted to a long-term care hospital in South Korea from June to September 2015 were enrolled in the study. Pressure ulcer risk factors were peripheral vascular disease, end-stage disease, past pressure ulcer history, high risk group for pressure ulcer development, fever, haemoglobin, and albumin (all P < 0.05); only albumin (odds ratio: 0.210, P < 0.001) was significantly associated with pressure ulcer development as an independent risk factor. Further research with a large sample size is needed for the validation of risk adjustment factors. Risk-adjusted quality indicators for pressure ulcer development can be used to evaluate the quality of nursing care and compare outcomes after preventive pressure ulcer care activities or between long-term care hospitals.
| INTRODUCTION
There is an increasing requirement for health management and nursing services as a result of the increase in the elderly population because of population aging. Accordingly, the need for hospitals that can provide long-term care for elderly people has also increased. 1 To meet this demand, the number of long-term care hospitals has exponentially increased, from 19 in 2000 to 825 in 2010. 2 About 92.7% of all facility residents are at an advanced age of 65 years or older and are mostly highly dependent patients with nutritional imbalances. 2 Pressure ulcers are common problems for patients with restricted movements and sensation; they frequently affect elderly patients with physical and psychological problems, functional changes, and a reduced ability to perform daily tasks. The incidence of pressure ulcers is higher in long-term care hospitals (8.2%) than acute care hospitals (2.7%). 3 Pressure ulcers can have life-threatening complications, such as anaemia, osteomyelitis, and septicaemia, and are a major cause of extended hospitalisation and re-hospitalisation. Thus, pressure ulcers increase medical costs and impose a financial burden on patients and caregivers. 4, 5 Recently, medical institutions have begun to evaluate pressure ulcers using patient safety indicators. This has led to an increased attention on pressure ulcers at an international level, as well as increased effort and financial investment for the management of pressure ulcers. It has been reported that pressure ulcers can be prevented through preventive nursing. 6, 7 Thus, pressure ulcer nursing is an important field of nursing. Quality control for pressure ulcer management is an independent and distinct field. The outcome of nursing activities performed to prevent pressure ulcers can be used as a highly independent indicator. The Clinical Practice Guideline (2014) 8 for the prevention and treatment of pressure ulcers proposes quality indicators under three categories to promote continuous and effective quality control of nursing activities for pressure ulcers: structure, process, and outcome. Structure indicators include pressure ulcer prevention at each institution, availability of a protocol for the prevention of pressure ulcers and treatment, regular training for medical staff, an education programme, provision and use of medical equipment for pressure ulcer prevention, and provision of information to patients and families. Process indicators include the need for the risk evaluation of pressure ulcers, records regarding the risk of pressure ulcers, and customised treatment plans and their purposes, as well as pain evaluation and management plans for pain control in patients with pressure ulcers. Outcome indicators include the ratio of patients with pressure ulcers in an institution at a specific time point during the hospitalisation period. This ratio is explained by the incidence of pressure ulcers in an institution, which refers to the period prevalence or the ratio of patients who did not have pressure ulcers at the time of admission or who developed pressure ulcers after they were admitted to an institution. The Korea Institute for Health Accreditation (2014) 9 investigates pressure ulcer management regulations, risk evaluation, engagement in preventive activities based on risk evaluation results, and engagement in nursing activities for patients with pressure ulcers based on structure, process, and outcome indicators. They also perform continuous monitoring of the incidence and prevalence of pressure ulcers and evaluate engagement in improvement activities and communication between medical staff as major patient safety indicators. The Health Insurance Review and Assessment Service evaluates the incidence of pressure ulcers in high-risk and low-risk pressure ulcer groups and also measures the fraction of patients in the high-risk group whose pressure ulcers have worsened, or that of those whose pressure ulcers have improved, using four quality indicators for the management of pressure ulcers in long-term care hospitals. 2 The fraction of patients in the high-risk group who have pressure ulcers between the second and fourth stages or the number of patients with unclassified pressure ulcers is used for the outcome indicator of pressure ulcer management performed for patients in long-term care hospitals in Korea. This fraction is defined as the percentage of high-risk residents with pressure ulcers.
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Regarding risk evaluation of pressure ulcers based on process indicators, some long-term care hospitals use the Braden Scale, which is a pressure ulcer risk evaluation tool used in tertiary general hospitals. 10 The ability to perform daily tasks is also evaluated to measure the risk of pressure ulcers based on the patient's ability to change position, stand up and then sit down, change seat, and come out of a room.
However, the validity of this evaluation method is questionable as it does not consider the various factors that have been reported to affect the incidence of pressure ulcers in previous studies. Clinical characteristics of patients, such as disease severity, comorbidities (eg, diabetes and peripheral vascular disease), nutritional status, and weight loss, can affect the incidence of pressure ulcers. These characteristics may affect the incidence or prevalence of pressure ulcers, which reflect pressure ulcer preventive activities or outcomes of pressure ulcer management, thereby giving rise to biases in analyses. Adjusting for risk factors affecting the incidence of pressure ulcers by statistical means provides valid and reliable results, which will allow a standard for nursing quality to be implemented and will facilitate the evaluation of current outcomes to obtain objective data. These data will permit a more accurate and objective comparison of outcomes at each institution before and after quality improvement activities. Therefore, this study was conducted to investigate the riskadjusted factors of pressure ulcers needed to develop clear, valid, and standardised clinical quality indicators that adequately reflect the outcomes of pressure ulcer management in long-term care hospitals.
We aimed to investigate the risk-adjusted factors needed for the standardised quality evaluation of nursing activities for pressure ulcers in long-term care hospitals and to identify the risk-adjusted factors needed to develop quality indicators for pressure ulcers in patients in long-term care hospitals.
| METHODS

| Research design
The present methodological study investigated the riskadjusted factors needed to develop quality indicators for pressure ulcers in long-term care hospitals. The study was approved by the relevant institutional review board
Key Messages
• the aim of the study was to develop quality indicators and validate risk adjustment factors related to pressure ulcer development through a retrospective observational study
• risk-adjusted quality indicators for pressure ulcer development can be used to evaluate the quality of nursing care and compare outcomes after preventive pressure ulcer care activities
• risk factors for pressure ulcers were peripheral vascular disease, end-stage disease, past history of pressure ulcers, highrisk group for pressure ulcer development, fever, haemoglobin level, and albumin level Following a risk adjustment of quality indicators for pressure ulcers based on a literature review, we retrospectively investigated content validity and practical applications in patients hospitalised at a single long-term care hospital by using the electronic medical records (EMRs). Clinical data related to potential predictors for pressure ulcer development were collected through the EMR based on literature review.
| Selection of risk-adjusted quality indicators for pressure ulcers based on a literature review
We referred to the search engine RISS4U (http://www.riss4U. net), provided by the Korean Education Research Information Service, and used PubMed (http://www.ncbi.nlm.nih.gov) to search for domestic studies. Different combinations of quality indicators (pressure ulcer, quality measure, long-term care, nursing outcome, risk adjustment) were used as keywords. We also used the evaluation standard for long-term care hospitals proposed by the Korea Institute for Health Care Accreditation 9 and the results of the benefit adequacy evaluation for long-term care hospitals from the Health Insurance Review and Assessment Service 10 to select risk-adjusted factors.
| Validation of risk-adjusted quality indicators for pressure ulcers
An expert group consisting of five Wound Ostomy Continence Nurses (WOCNs) and five advanced practice nurses with expert knowledge and clinical experience of quality indicators for pressure ulcers selected risk-adjusted quality indicators for pressure ulcers. The content validity of these factors was evaluated using the content validity index (CVI). After two discussion meetings with the expert group, riskadjusted factors with 80% consensus were selected.
| Practice validation
To validate the selected risk-adjusted quality indicators for pressure ulcers, we analysed a patient condition evaluation table and a high-risk pressure ulcer patient classification table using the medical records of 127 patients at a single long-term care hospital between June 2015 and September 2015. We investigated the general characteristics of patients with pressure ulcers, patient characteristics affecting the incidence of pressure ulcers, haematological indices, and main diagnoses. We also calculated the Charlson AgeComorbidity Index (CACI) and validated this as a riskadjusted factor of pressure ulcers to investigate the severity of comorbidities. In this study, 19 diseases were weighted 1 to 6 points, and the sum of the weighted values was used as an adjusted factor to compare the incidence of pressure ulcers among the patients. The CACI, which was weighted 1 to 3 points in patients aged 50 years or older at a 10-year interval was calculated and used as a risk-adjusted factor affecting the incidence of pressure ulcers to account for the fact that most patients residing in long-term care facilities were elderly patients. 11, 12 The collected data were analysed using the SPSS/WIN 22.0 programme. Descriptive statistics were used to characterise the subjects and the measured variables. The χ 2 test
and t test were performed to determine the occurrence of pressure ulcers according to the characteristics of the subjects. To determine the factors affecting the development of pressure ulcers in the subjects, logistic regression analysis was performed, and a P value <0.05 was considered statistically significant.
3 | RESULTS 3.1 | Selection of risk-adjusted factors for the standardisation of the quality indicators for the incidence and prevalence of pressure ulcers Through a literature review and a discussion regarding risk factors for pressure ulcers and the quality control of pressure ulcer management in and outside Korea, we selected diabetes, peripheral vascular disease, end-stage disease, albumin, fever, and urinary and faecal incontinence as the riskadjusted factors. We included the CACI, which was developed for elderly patients, to reflect disease severity (Table 1) . These factors had an average content validity of 89% based on the CVI. 3%) . The patients had a mean overall score of three points or greater for changing position, standing up and then sitting down, changing seat, and walking out of a room using the high-risk pressure ulcer group classification tool; thus, patients had significantly poor functional independence. Forty-five patients (35.4%) had a fever within the preceding week, and 82 (64.6%) did not. Twenty-one patients (16.5%) had previously had pressure ulcers, and 103 (81.1%) had not. The mean number of diagnoses was 4.6 AE 1.50.
The mean haemoglobin level was 11.82 AE 2.21 g/dL. The mean level of glycosylated haemoglobin was 6.61 AE 1.35% based on a review of medical records of 43 patients. The mean CACI, which reflects the severity of the main diagnosis and accompanying diseases, was 6.71 AE 2.80 points ( Table 2 ).
| Analysis of risk factors affecting the incidence of pressure ulcer
Age and gender did not affect the incidence of pressure ulcers, whereas peripheral vascular diseases (P = 0.012) and end-stage diseases (P = 0.001) were risk factors affecting the incidence of pressure ulcers (Table 3 ). The incidence of pressure ulcers was high in the high-risk pressure ulcer group (P = 0.001), and history of pressure ulcers was also found to affect the incidence of pressure ulcers (P < 0.001). Fever (P < 0.001) and bedridden state (P < 0.001) also significantly affected the incidence of pressure ulcers. Faecal incontinence was also identified as a risk factor of pressure ulcers (P = 0.002). Changing position (P < 0.001), standing up and then sitting down (P < 0.001), changing seat (P < 0.001), and walking out of a room (P < 0.001) in the high-risk pressure ulcer group classification table also significantly affected the incidence of pressure ulcers. Except for glycosylated haemoglobin, all haemodynamic parameters, including haemoglobin (P < 0.001), albumin (P = 0.001), and the CACI (P < 0.001), were found to significantly affect the incidence of pressure ulcers.
| Validation of the risk-adjusted factors of pressure ulcer
Albumin significantly affected the incidence of pressure ulcers as a risk-adjusted factor ( Table 4 ). The risk of pressure ulcers decreased 0.210-fold for every 1 g/dL increase in the albumin level.
The CACI was used to validate pressure ulcer-adjusted factors and evaluate the severity of the main disease and comorbidities. We did not find any significant difference in CACI values. We also found no significant difference in the incidence of fever, haemoglobin, age, and risk of pressure ulcers. 
| DISCUSSION
The Korea Institute for Health Care Accreditation recommends implementing a system to regularly evaluate patients at high risk of pressure ulcers, pressure sore preventive activities, and reporting of pressure ulcers in order to evaluate the outcomes of pressure ulcer management. 9 The organisation recommends using structured tools to evaluate patients at risk of pressure ulcers and promoting pressure ulcer preventive activities, patient evaluation, and improvement activities to reduce the incidence and prevalence of pressure ulcers. As a method of investigating the risk of pressure ulcers, literature review and medical staff interviews have been conducted, and guidelines, such as the Agency for Healthcare Research and Quality (AHRQ), 13, 14 have been proposed. In addition, it is also recommended that facilities present the prevalence of hospital-acquired pressure ulcers, which is the ratio of patients who develop secondstage or higher pressure ulcers above 24 hours after admission in a nursing home or long-term care hospital, using quality indicator results. 9 The same is recommended by the Joint Commission International standard guideline for evaluating nursing outcomes for pressure ulcers.
15
In tertiary hospitals, the incidence and prevalence of pressure ulcers are monitored on a quarterly basis to continuously maintain nursing outcomes, and improvement activities have been conducted following communication between medical staff and are based on evaluation results. However, no regulations for an outcome system management at longterm care hospitals exist, which makes it difficult to evaluate the outcomes of pressure ulcer preventive activities and interventions based on the incidence and prevalence of pressure ulcers.
For monitoring, which was one of the factors in an accreditation investigation for pressure ulcers, researchers have investigated whether or not a standardised evaluation tool is used to assess the risk of pressure ulcers in long-term care, similar to the process in acute care hospitals. According to a study on long-term care hospitals, the Braden Scale to assess the risk of pressure ulcers was used in a similar way to acute care hospitals. 16 However, long-term care hospitals also used a high-risk pressure ulcer classification tool, which consists of four items (changing position, standing up and then sitting down, changing seat, and walking out of a room) in the adequacy evaluation to assess the risk of pressure ulcers. 10 The Health Insurance Review and Assessment Service 2 defines a high-risk pressure ulcer group as patients who satisfy at least one of the four aforementioned items related to mobility. Each item is rated on a five-point Likert scale with the following options: completely independent, needs supervision, needs some support, needs significant support, and needs full support. If the behaviour does not occur, this may also be stated. Patients are classified as high risk if they experience mobility difficulties and as low risk if they do not. In this study, there was no significant difference in the risk of pressure ulcers according to diabetic status, different from what has been observed in previous studies. However, all four items, and being classified as in the high-risk group, were identified as risk factors for pressure ulcers. Peripheral vascular diseases, history of pressure ulcers, and urinary and faecal incontinence were also found to significantly affect the incidence of pressure ulcers, and this was supported by the findings of previous studies. 17 However, as these factors are major predictors that clinically affect the incidence of pressure ulcers, evaluation of the risk factors of pressure ulcers, adjusted for these aforementioned risk factors and disease severity, may be considered a valid and reliable approach. Therefore, it is important to closely investigate the factors affecting the incidence of pressure ulcers in order to evaluate the adequacy of quality indicators for pressure ulcers. However, as the risk-adjusted factors of pressure ulcers did not show significant results, further research is needed to validate these factors. Assessing the risk of pressure ulcers based on the four items associated with daily mobility in the evaluation of pressure ulcer-related quality indicators in long-term care hospitals is limited compared with the Braden Scales in other clinical settings 9 and does not sufficiently validate risk-adjusted factors. Previous studies have reported that the reduced ability to perform daily tasks; mobility indicators, such as the ability to come out of a room; weight loss; and the ratio of longterm care facility residents associated with the duration of hospital stay are closely associated with the incidence of pressure ulcers. [17] [18] [19] [20] These factors were investigated in the long-term care hospital benefit adequacy evaluation.
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Impaired in-bed mobility or transfer, comatose state, and malnutrition have also been reported as independent riskadjusted factors. [17] [18] [19] [20] Thus, the use of a four-item high-risk pressure ulcer classification tool utilising the mobility required to perform daily tasks does not sufficiently analyse the outcomes of pressure ulcer management. Considering the current situations in long-term care hospitals, where most patients have geriatric and chronic diseases because of population aging, a standardised evaluation that considers these situations is important for an accurate comparison of quality management. Therefore, it is necessary to adjust general patient characteristics and risks that are recognised as clinical problems to ensure the validity of nursing outcome indicators for pressure ulcers.
Major diagnoses and comorbidities recorded as a result of hospitalisation or treatment are reported to be important predictors affecting health outcomes. [21] [22] [23] Disease severity and comorbidities are reported as the most important risk factors to be considered in a quality evaluation, excluding age and gender. 24 In this study, on average, patients had 4.6 AE 0.1.50 diagnoses. Therefore, adjusting the risk of pressure ulcers using comorbidities and disease severity is necessary for a systematic and comprehensive evaluation of nursing quality. In our analysis of the factors affecting the risk of pressure ulcers using a patient sample extracted from the total long-term care claims data from the Health Insurance Review and Assessment Service, 2 most patients were 75 years or older, and their ratio was three times higher than that of other medical institutions. In a study that investigated the current status regarding pressure ulcers among 1373 inpatients with pressure ulcers using patients' discharge injury data between 2005 and 2008, 28.4% of patients had pressure ulcers in 2007; of these, 65.5% were aged 65 years or older. Thus, the ratio of advanced-age patients with pressure ulcers is increasing. 25 In addition, urinary incontinence, hypertension, and peripheral vascular diseases have been reported to affect the incidence of pressure ulcers. 3 A study that investigated differences in the risk of pressure ulcers based on a risk-adjusted analysis associated with the risk of pressure ulcers using a minimum data set reported that diabetes, peripheral vascular diseases, urinary incontinence, low body mass index, and end-stage diseases are patient characteristics associated with pressure ulcers. 17, 19, 20, [26] [27] [28] However, no significant differences were found in our logistic regression analysis performed to validate these adjustment factors. The severity of the main diagnosis and comorbidities are important to consider when assessing the risk factors of pressure ulcers. The management of disease severity and comorbidities after a pressure ulcer develops is also important. Results can be appropriately evaluated only after adjusting for the severity of the main disease and comorbidities. Thus, we used the CACI, developed for elderly patients and used as a mortality predictor, to validate pressure ulcer-adjusted factors and evaluate the severity of the main disease and comorbidities. We found no difference in the CACI used to adjust for disease severity among patients.
Studies have reported that pressure ulcers are highly correlated with underweighted patients; the risk of pressure ulcers decreases when the body mass index is 25 kg/m 2 or greater, 19 and difficulty eating, malnutrition, nutritional status, and weight loss are independent risk factors of pressure ulcers. 17 The results of the present study are similar, in which significant differences in the albumin level were found in the validation of the risk-adjusted factors. 17 However, pressure ulcers cannot always be avoided; haemodynamically unstable patients with mobility difficulties, patients with difficulties maintaining nutrition and hydration status, patients who receive nutrition and hydration through artificial means, patients for whom a pressure redistribution surface cannot replace positional changes and postural maintenance, and patients whose skin cannot survive even if the pressure from an external source has been removed may not be able to mitigate the development of pressure ulcers. 6 Therefore, for patients with end-stage diseases, the risk of pressure ulcers remains high even if the patients' clinical conditions and risk factors are evaluated during their stay and a standard practice guideline is continuously followed. Thus, it is necessary to consider patient characteristics when assessing the outcome of pressure ulcer management. To date, very few studies have adjusted risk factors affecting the incidence of pressure ulcers and considered the severity of these risk factors in the evaluation of quality indicators for pressure ulcers. As this study was a retrospective study using a small sample from a single long-term care hospital, the results of this study cannot be generalised. However, the need for risk adjustment that considers the appropriate number of nurses required, as well as the importance of risk adjustment, has been suggested because the level of nursing workforce is highly associated with quality indicators related to patient safety. 16, 29, 30 To establish a basis for the continuous evaluation of standardised indicators for the effective management of pressure ulcers, prospective research that uses large-scale samples, and considers the appropriate level of professional workforce, is needed.
| Limitations
In this study, we calculated and adjusted the risk factors of pressure ulcers in a sample of patients admitted to a single hospital. Our data cannot be generalised because of missing values; thus, large-scale research is needed. It is necessary to collect valid and reliable data regarding risk-adjusted factors of pressure ulcers. However, prior to our analysis of retrospectively collected data regarding the incidence of pressure ulcers, we did not complete a validation analysis to determine whether the diagnosis of pressure ulcer was accurate. Therefore, our validation and analysis of risk factor adjustment is limited.
| CONCLUSION
Risk adjustment allows us to understand causal relationships related to the risk of pressure ulcer development by considering various patient characteristics and eliminating factors that directly affect evaluation outcomes. It is a highly important method that facilitates the objectivity of indicators to be analysed. In this study, end-stage diseases, risk assessment for pressure ulcers, mobility factors (changing position, standing up then sitting down, changing seat, walking out of a room), history of pressure ulcers, fever, bedridden state, faecal incontinence, and albumin level, which reflects nutritional status, were identified as factors affecting the incidence of pressure ulcers. However, only albumin level was found to be statistically significant after validation of the risk-adjusted factors. Additional prospective research is needed to validate these results.
